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(54) PROCESS FOR THE PREPARATION OF 2,6 DIALKYL 
PHENOLS 

(71) We, Japan Gas Chemical Company Inc., a Japanese Company, of No. 
1—1, 2-chome, Uchisaiwai-cto, Ofiyoda-ku, Tokyo, Japan, do hereby declare the 
invention for which we pray that a patent may be granted to us, and the method by 
which it is to be performed, to be particularly described in and by the following state- 

S meat: — 5 
This invention relates to a process for the production of 2,6-dialkyl phenol More 
particularly, the invention relates to a process for the production of a 2,6-dialkyl phenol 
comprising meting a 2,6-dialkyl^t-alfyl phenol with a t-alkyl group acceptor in the 
presence of a Fnedel-Crafts catalyst In addition the invention concerns a process 

10 whereby a 2,6-dialkyl phenol is produced from a l,3-dialkyl-5-t-alkyl benzene. 10 
It is known that 2,&-dialkyl phenols are used as starting materials for the synthesis 
of polyphenylene oxide which is a thermoplastic synthetic resin having excellent 
mechanical, electrical, and heat resisting properties. Of these, 2,6-comethyi phenol is the 
most desirable starting material and certain processes have been proposed for its pro- 

15 duction. The prior processes for the production of 2,6-dialkyl phenols will be considered 15 
in connection with 2,6-dimethyl phenol as an example, since it has been most frequently 
investigated. 

According to a process using cyclohexanone as the starting material (French Patent 
No. 1,377,943), cyclohexanone and formaldehyde are reacted at 350°C over a calcium 
20 < , phosphate catalyst carried on animal charcoal, and the resultant product is subjected to 20 
steam distillation to obtain 2,6-dimethyl phenoL However, mis process gives a poor 
>jield and the content of 2,6-dimethyl phenol in the distillate is as small as 64.5% 
entailing more man 30% of by-products (2,4,6^4rimethyi phenol, o-cresol), so that it 
is not efficient as an industrial process. 
25 According to a patent dealing with the alkylation of phenol (Belgian Patent No. 25 

673,773), phenol is reacted with methanol or dimethyl ether at an elevated temperature 
in the presence of a catalyst comprising an oxide of an amphoteric metal such as alum- 
inium to form 2,6-dimethyl phenol. In this process, however, the product after the 
removal of unre acted phenol by distillation contains a significant amount of o-cresol 
30 which can be as high as 61%, and the 2,6-dimethyl phenol is formed more as a by- 30 
product in an amount of only 30% together with unavoidable byproducts having methyl 
radicals at other than the 2,6-positions. Thus, this process is also impractical from the 
industrial viewpoint since it requires a complicated purification system in order to obtain 
highly pure 2,6-dimethyl phenol and the yield is too poor to be economical. 
35 In a process described in Dutch Patent No. 6,506,830, (Chemical Abstracts 65 35 

2173c) the alkylation of phenol is performed by a method whereby the yield of 2,6- 
dimethyl phenol is somewhat improved, but this process also suffers from the formation 
of byproducts similar to those in the above-mentioned Belgian Patent No. 673,773. 
There are also certain patents (Dutch Patent No. 285,017 (Chemical Abstracts 61 
40 16017d), French Patent No. 1,396,197, and a French Patent No. 1,420,183) concerning 40 
the separation of byproducts in order to obtain 2,6Vdimethyl phenol of high purity. 
However, these patents state in the specifications that 2,6-dimethyl phenol must be 
ated from cresol isomers, using complicated procedures. 
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Mediation of phenol is one of the known processes for producing ^6-dimetbyl 
phenol, but phenol exhibits an orientation effect in its substitution ickuob jnth a 
Satanic type reagent towards die ortho- and para-posmons to die W&a**^^ 
tion. AcciSngty, it is difficult to selectively methylate at the ^P*^^ 1 *"^? 5 

5 methylation of phenol, and it is therefore impossible to avoid the f °™*2,Zl^Z™L 
2,4-dimethyI phenol and similar byproducts besides the desirrf 2,6-dunediyl phenoL 
Further methylation of o-cresol formed as a byproduct, to obt^ ad^teo^ 2,6-* 
methyl phenol, may be possible, but the formation of byproducts having methyl radicals 
other than 2,6-0 oshions is unavoidable in this case too. ... , , n 

10 £ ^Snal processes involving nuclear ablation of phenolor a — j 10 

capaMe of being converted into phenol are not desirable for the industrial production 

01 ^O^osffSnthetic methods to be employed for the production of 

phenols may involve the use of m-xylene, taking 2,6-dm^yl phenol as an exampk, 

15 as the starting material. This method may comprise ^P to «^^^ h ^ 15 
ventional manner followed by alkali fusion to fold to Ae formation of 'J*****? 
phenol, in a maimer simOar to the synthesis of phenol from benzene. In tins cas^ how- 
everTme formation of 2,4-dimethyl benzene sulphomc aod predmronates as the sol- 
phytic* product and die formation of the desired 2,6-dimethyl benzene sulphomc 

20 acid is almost nil due to stone hindrance effects. . . 

order to obviate such difficulties in the formation of undesirable position iso- 
mers, the mtroduction of suitable bulky protective groups, before the reaction, to appro- 
priate positions for the desired reaction, is generaUy effective. 
^ One possible method for the production of 2,6-dialkyl phenol of lu^purttj by 

25 the use of suitable bulky protective groupswh3e ^^?* fc t fo ^^™S 
byproducts, comprises the use of 2,6-diaIkyi-4-t-aIferl phenols as the starting matenal 
and successive elimination of t-alkyl groups therefrom. . A -. A7 

This process is disclosed in Dutch Patent No. 290,847 ((Jemical Abstracted 
27380 concerning the synthesis of 2,6-dimethyl phenol m which 2,6-toethyi-4-t-butyi 

30 Sirfreed from the\butyl group to form 2fi^M 30 
closed in this patent comprises contacting a mixture of 2,6-dimethyl-4-butyl pheno and 
benzene with a catalyst at 4Q0°G in a nitrogen ^^^f^^^l^ 
t-butyi group, thus producing 2,6-dimethyl phenol from 2fifa^4**ty phenol. 
This process, however, forms such byproduct as cresol and poatwn jsomera of Z£ 

35 dimethyl phenol, though in a small proportion, owm? to high ^menta* gaseous 35 
reaction, and therefore is disadvantageous when taking into consideration d^econo- 
mically high reaction temperature. This process cannot be said m be mdusmaUy ad- 
vanta^ms because the protective group .induced so as to <* . 

undesirable position isomers is eliminated, m the final step, only in the format an 

40 olefin. For mstance, when a t-butyi group is used as the protective group and « is 40 
thereafter eliininated in the form of isobutylene, the t-butylation of the material 1 m- 
xylene must be conducted by the use of free isobutylene itself or after converting 
iso-butylene into t-butylating agents such as t-butyl chloride. ^..^ 
Hence it will be appreciated mat these conditional processes used for the produc- 

45 tion of 2,6Vdialkyl phenol have various drawbacks, though each has its own advantage- 45 
ous features, but they do not provide a highly efficient process for the industrial produc- 
tion of 2^-dialkyl phenol. . , . . . . 

The present invention provides an improved process for the production of highly 
pure 2,6-dialkyl phenol in high yields from 2,6-dialkyl-4-t-alkyl phenol It also .provides 

50 a process for the production of highly pure 2,6-dialkyl phenol m high y/el& ^m £6- 50 
diaWl-4-t-alfeyi I*en o1 wherein the process for the production of 2,6-ojallqrI-4-traIlQrl 
phenol and the use of 1,3-dialkyl benzenes as the acceptor for the t-alkyl groups of the 
2,6^alkyl-4-t-alkyl phenol are combined. 

An object of this invention is to provide a process for the production of Z,o-cualfcyi 

55 phenol of high purity and in an excellent yield. , ... ^ 

It hasnow been found that 2,6-dialkyl phenols of high punty can be produced 
being substantially free from undesirable isomers, without requiring complicated puri- 
fication steps, by the reaction of 2,6-dialkyl-4-t-alkyl phenol with t-alkyl group accep- 
tors in the presence of a Friedel-Crafts catalyst at a relatively low temperature. 

60 In the process of this invention, the eliniination of the t-alkyl group from the 60 

2,6-dialkyl-4-t-alkyI phenol to form the 2,6-dialkyl phenol can be carried out at a low 
temperature in the presence of a Friedel-Crafts catalyst due to the presence of a t-alkyl 
group acceptor which transfers the t-alkyl group alone preferennally and selectively to 
itself. Since the formation of byproducts such as position isomers of 2,6-cUmethyl phenol • , 

65 due to the rearrangement of such primary alkyl groups as the methyl group can thus 65 
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be avoided, efficient production of 2,6-dialkyl phenol having hi^h purity can be 
attained. 

Accordingly the present invention provides a process for the production of a 2,6- 
dialkyl phenol which comprises reacting a 2,6-dialkyl-4-t-alkyi phenol having the 
formula 




with an aromatic hydrocarbon having the formula 



in the presence of a Friedei-Qafts catalyst at a temperature from —20 to 100°C to 
10 transfer the t-alkyl group to said aromatic hydrocarbon, wherein R x denotes a C w 10 
t-alkyl group, R s and R 3 each denotes normal alkyl groups, and R* and Rs each 
denotes cither hydrogen or a C1-.1 normal alkyl group located mutually in o- or im- 
position when neither Rt nor Rg is hydrogen. 

The reaction of the process of the invention is illustrated in the following 
15 equation: 15 






The t-alkyl group, i.e. R„ in the 2^6-dialkyl~4-t-alkyl phenol to be used as the 
material for the production of 2,6-dialkyl phenol is a group having a tertiary carbon 
atom such as t-butyl, t-amyl, t-hcxyl, or t-heptyl, and is preferably a t-butyl group for 
20 economic reasons. 20 
The t-alkyl-group acceptors suitable comprise aromatic hydrocarbons such as 
benzene, toluene, ethyl benzene, o-xylene and m-xylene. Those having a high electron 
density on the aromatic ring, i.e., those having more than one alkyl substituent, are 
advantageous owing to their high reactivity, and the use of m-xylene is preferable in 
25 practice. 25 
The catalyst to be used inutile process of this invention for the t-alkyl group 
transfer reaction can include such Friedel-Orafts catalysts as boron trilluonde, an- 
hydrous aluminium chloride, anhydrous aluminium bromide and hydrogen fluoride. A 
mixture of these compounds may be used too. From the practical viewpoint, anhydrous 
30 aluminium chloride is preferred. 30 
The process of this invention may be carried out in the presence of a solvent, 
particularly substances which do not react with the compounds present in the reaction 
system of this invention, such as saturated hydrocarbons. However, the use of such" 
solvents is generally unnecessary since the t-alkyl group acceptor to be used in the 
35 process of this invention may itself serve as the solvent 35 
The process of this invention may be carried out as follows. The requisite amount 
of the 2,6 : dialkyl-4-t-alkyl phenol (e.g., 2,6^imethyl-4-t-alkyl phenol) is added, with 
stirring, to* the above-mentioned t-alkyl group acceptor (e.g. m-xylene) kept at a tem- 
perature of from -20°C. to 1Q0°C. and reacted in the presence of a Friedel-Crafts 
40 catalyst for the period af from 30 minutes to 6 hours. 40 
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One of the most Aaracteristic features "of the process of this «*^J»^ e 
product , oUfiSwi^l phenol of high purity by the « of the t*P^g 
5°. to permitthe Son at ££T!££ 



so as to permit the reaction at lower xempenwure ™ u,^wj — -» -~ — ~» 
byprodXdue to rearrangement of the alkyl groups such as Ae mefcy ^^nf^O 
5 3y, the reaction is prefmUy conducted at a temperature m the range of from 20 

10 ^2fct£ mixture after the^J 

of the tSS ffoTwmsfer reaction, various methods may be employed dmoading 
tttheS^ufed, including the imposition of Je^tby^addm™ of 
10 water, distillation to remove the catalyst, separation and extraction of the muyst m 
1 mT^etfphase separation, and the decomposition of the complex when a compter 

* ^Thf treatment of the reaction mixture after the separation of the ^vstvaries 
dependtog^pon the t-alkyl acceptor used inure reaction and the nu^rfmbon 
atoms in thfalkyl groups in the 2,6-ma^^t-butyl phenols em^oyd. mm m 
xylene is reacted wftf. 2,&dimemyl-4-t-alkyl phenol, for 
distilled out from the catalyst-free reaction mixture Mowed by 
dfaethvl phenol from 5-t-alkyl-m-xylene. In this case, the separation of 2,6^dimeUi>i 
S^T^-m-xylene is conducted by delation, or a ^bmation rfsteps 
Kving first extrarting toe 2,6-dimethyl phenol torn afraOion of ^ >ntHta^ 20 
"Sethvl phenol anti 5-t-alkyl-m-xylene obtained after simde distilla^on^witt 
a$eoSSi P Son to formtaalkali salt, then acidifying ^f^^K 
and thereby separating out the 2,6-dimethyl phenol which is thereafter coltecwfl iw 
XTZSatia this manner, i.e., when the separation of 2,6-dimethyl phenol 
25 SSS&ESto k difficult using simple distillation £ 25 

tod of the t-alkyl group in the 2,6-dimethyl-4-t-alfcyl phenol used fls *^ttnal,ffle 
Sationof both ^easily effected by extracting 2,6-dimemyl phenol f^afracnon 
of tf^ nrixturcrf ISethyl phenol and 5-t-alkyl-m-xylene obtained afta simple 
d&ShdTS dWisoSm P the form of to alkali salt and M flgf* 30 
2^-dimethvl phenol from its acidic solution to give pure 2^-dimethyl phenol after 30 
iS Son, the separation of 2^-dimethyl 1 phenol ^ £ **m mr^ro 
£ t i Zsfer reaction may be effected by first *M*>t^^Sffi 
mixture from which the catalyst has been or has not been i^ov^ to anvertto 2,6- 
dimethyl phenol into its alkali salt, then removing m-xytaie and i^kyl^-xyteie by 
steam distillation, acidifying the remaining aqueous solution, and finally collecting me 
2,6-dimethyl phenol by filtration as it crystallises out :„.«,„,;„„ 
TKoS^l phenols obtained in accordance with the process ^m^uon 
. are of such e3at high purity that almost no impurities. ™ 

chromatographic analysis, nor can any position isomers, (for example, 2,4-diattyi 

40 <u phenokXbe « of m h admtage8 ffl 

dialkyl phenols are obtained in good yield at a lower reaction jmpOT mftout 
Sinl troublesome purification step procedures, by simply reacting 2>6^^j£ 
alkKenol with the t^lkyl group acceptor in the presence of a Fnedd-Cr^ aduyst 

m 2 6-dialkvl-4-t-aIkvl phenols can be obtained by many conventional methods, but 

45 they « SataSS>Sr obtained from *^X'r£ 
mvktion provides a process tor the production of a 2,6-dWMphenol which comprises 
a first stepui which a 2,6-dialkyl-4-t-alkyl phenol having the formula 




50 is prepared from a l,3-dialkyl-5-t-aIkyl benzene having the formula 




40 



45 



50 
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a second step in which the 2,6-dialkyl-4-t-alIcyl phenol is reacted with a 1,3-dialkyl 
benzene having the formula 




R 3 



in the presence of a Friedel-Crafts catalyst at a temperature of —20 to 100°C to form 
the 2,6-dialkyl phenol and the l,3-diaikyl-5-t-alkyl benzene, and circulating the 1,3- 
dialkyl-5-t-alkyl benzene obtained in the second step to die first step for reuse, wherein 
Ri denotes a t-alkyl group, and R 2 and R a each denotes a normal aiyl group. 
This reaction is illustrated as follows : 




| T%e second step 



OH 
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In the first step, the 13-dialkyi-5-t-alkyi benzene is converted into a 2,6-diaIkyi- 

4- t-alkyl phenol. Then, in the second step, the 2,6-amlkyl-4-t-alkyl phenol thus obtained 
is reai-fced in the presence of a Friedel-Crafts catalyst with a l,3^a!kyl benzene to 
transfer the t-alkyl group to the 1,3-diaIfcyl benzene to give the 2,S«iialkyl phenol (the 
desired product) together with the l,3-diaIlqrL-5-t-alkyi benzene which is Collated to 
the first step. 

In preparing the U-diaIkyi-5-t-alkyl benzene to be used in die first step, the 
* IT 7 F° u ?, ^ be inlroduced ' mXQ l,3^dialkyl benzene in the Mowing manner, 
taking 5-t-alkyl-m-xyiene as an example. The t-aikyl group is always introduced in a 
position not adjacent to the methyl groups of m-xylene owing to the steric effects 
between the methyl groups of m-xylene and the t-alkyl group to be introduced, and 
hence p^erential formation of 5-t-alkyl-m-xylene is attained. The step of obtaining 
^6-dialkyl-4-t-alkyi phenol from the l,3-<lialkyl-5-t-alkyl benzene (the first step) can 
be earned out by the combination of steps comprising first sulphonating the 1,3-diaIkyl- 

5- t-alkyl benzene to form selectively 2,6-dxalkyl-4-t-alkyl benzene sulphonic acid, then 
wnvexting this into 2,6-dialkyl^t-alkyl phenol by alkali fusion or by chlorinating the 
1,3-dxalkyl-S-t-alkyl benzene to form selectively 2,6-diaikyl-4-t-alkyl chlorobenzene 
which is thereafter hydrolysed to 2,6-dialkyl-4-t-alkyl phenol. In addition, 1,3-dialkyL 
5-t-alky^ benzene may be directly oxidised to 2,6-dklkyl-4-t-alkyl phenoL Thus, the 
pnenolauon at the position between the two alky! groups may be performed bv any 
suitable method. J 

The first step will now be explained in more detail taking the sulphonation of 
5-t-alkyl-m-xylene followed by its alkali fusion as an example. 

In the sulphonation of 5-t-alkyl-m-xylene, it is possible to introduce the sulphonic 
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ample prowore poup t« -^"."^^^Sf^S out in • cmniitoul 5 
sodium hydroxide is preferred. q-dialkvl-5-t-aikyl benzene 

£ ^p^mce ^Friedel-Crafts catalyst to effect the transfer of the t-alkyi group 15 

* ^Th^^-m-iyler* thus regenerated can be Predated and reused^ *e 
J to^jS step^^eU-di^-5^1 ta^M 0. 

^IJSb^nentianed combination of Aese steps, the pnxi«tionof^M 
phmol is now possible by using a U-diaJkyl-5-wIkyl b^^the^ma^J 

SK ^t thetrffi ^^^^tt 
SdcoEmd, and also involving the simultaneous mtroductton and ctonu^onof 
15S5p as well as the rtuse of the protective t-alkyl group by circulation 

* fc Jf Provides a most desirable pro^ ^F^g"* 30 

lugh purity^dialkyl phenTl faun a l,3-diaIkyl-5-t>-alkvl benzene by the combmauon 

° f ^he^^^lbTve-described process may be further enumerated as 

m °m The yield of intermediate and final F oducts are ^^y.^So^ofa * 
prevention of dm formation of undesirable position isomers by the mtroducuon of a 

Sdtt (§ ^epStion^ purification of the intennediate and final products are very 
sm^le end easy ^ mtmduce i ^ he reused by circulation to the next 40 

cydi owing ■£ STS section involving the elimination of the protectee group 
^g^JS^^XSS^ in high purity, sudt as » 
^fp^fS intSSlfbfnL fully described in the Mowing ulustra- 45 

rive ^^i^. I 5 ^ , benzene w be used as the starting material for obtaining 
the a^dSSllkyl^ol can be obtained, taking 5-^-^1^ £ 
ampk, as fofiows. When using the t-butyl group ^P w ^«^*' «, 
most Useful of the t-alkyl groups containing 4^7 carbons, inbu^jmy Je ™edas 50 
at-butykting agent In this case, any conventional methods for^ mtroduong «»tW 
^upXybe employed, for instance, introduction of jsobu^ mto a nux^ of 
™ ZmTand sutohunc acid, passing isobutylene together with m-xyfcne over a solid 
rAothoric^HSsr»nd3^ of isobutylene with m-xylene by using such 
fS^ fiogea fiuorMe, aluminium chloride and ferric chloride, or re^on of 55 
koSnewffm-xykne ustog boron fluoride as a ^^-J 1 - 
mav be also carried out by usmg a t-buiyl halide, e.g. t-butyl chloride In tins case, 
2 y u2 of aluSm chloride or ferric chloride is preferred as a condensing - agent 
Tte^uwIatiTmay be effected also by the use of t-butanol usmg aluminium chloride, 
Sogen^rider^Vulphuric acid. Since the l>dialkyl-5- *^ *«« >*» • 
Zmole 5-t-alkyl-m-xylene) so produced is regenerated m the second step and can be 
Sffid fb^e^the t-butyh^on may be carried out only at the uuual stage of the 

reaC The sulphonation and the following alkali fusion in the fimstep b cm"™ ■« 
follows, taking the production of 2,6-dimethyl-4-t-alkyI phenol from 5-t-alkyl^n-xylene 65 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



7 



1,227,419 



7 



10 



as an example. The suiphonation of 5-t-alkyl-m-xylene is conducted by using conven- 
tional sulfonating agents, such as concentrated sulphuric acid, 100% sulphuric acid, 
fuming sulphuric add and sulphuric anhydride. Other sulphonating agents such as 
sulphamic acid and halosuiphonic acids such as chlorosulphonic add and fluorosul- 
5 phonic acid, may be used as well, but the use of concentrated sulphuric acid or fuming 
sulphuric acid is the most desirable from the industrial viewpoint. 

Since the 5-t-alkyl-m-xylene is very readily subjected to sulphonation, the sulphon- 
ation can be carried out at a temperature as low as 20— 90° C for a reaction period of 
1 — 3 hours. The amount of such sulphonating agent to be used is usually 0.5—3 moles 
10 per mole of 5 -t-alkyl-m-xyiene. In order to separate excess sulphuric acid, when sul- 
phuric acid is used as the sulphonating agent, it is possible to partially neutralise the 
sulphonated reaction mixture with sodium sulphite or sodium carbonate, then add 
calcium carbonate to neutralise excess acid and then titer while hot the precipitate of 
calcium sulphate so formed. 
15 However, it is preferred to use a procedure involving the steps of dissolving the 15 

sulphonated reaction mixture in water and adding thereto an excessive amount of 
sodium chloride, or adding the reaction mixture to a saturated sodium chloride aqueous 
solution to form sodium 2,6-dimethyi-4-t-alkyl benzene sulphonate which is thereafter 
recovered by filtration. In this case, it is also possible to salt out the sulphonated reac- 
20 tion mixture with sodium chloride after partially neutralising the reaction mixture with 20 
sodium sulphite or sodium carbonate. 

The alkali fusion reaction of the resultant sodium 2 > 6-dimemyl-4-t-alkyl- benzene 
sulphonate is carried out at a temperature of 310— 4G0°G, preferably at 330— 350°C, 
by using as the alkali potassium hydroxide, or a mixture of potassium hydroxide and 
25 sodium hydroxide. Hie amount of alkali to be used is preferably 5—25 moles per mole 25 
of sodium 2,6Klimethyl-4-t-alkyl benzene sulphonate. This alkali fusion is desirably 
conducted in an atmosphere ox inert gas such as nitrogen be caus e the formation of 
\ tends to become significant when the reaction is conducted in atmospheric 



30 After the completion of this alkali fusion, the reaction mixture is dissolved in 30 

water and the resultant solution is neutralised with a mineral acid such as sulphuric 
add or hydrochloric add. It is also possible to effect the neiitralisation by mtroducing 
carbon dioxide gas. 

The neutralised reaction product forms a solid mass which is extracted with a 
35 water-immiscible solvent such as ether or benzene, and purified by distillation. Instead 35 
of extracting with an organic solvent, the crystals so formed may be recovered by 
nitration. 

Where a 2>6^<Iialkyl phenol is produced by the chlorination of the aromatic 
nucleus followed by the hydrolysis to form phenol, the process will be explained in 

40 more detail on the basis of the use of m-xylene as the starting material. Ih this pro- 40 
cedure, m-xylene is first converted, for example into 5^-butyl~m-xyiene > by a process 
as hereinbefore described. Then it is chlorinated with chlorine gas in the presence of a 
catalyst which is conventionally employed for the nuclear cMorination, for instance 
foolne, in an amount of from 0.01 to 1 mole per mole of 5-t-butyl-m-xylene, in a 

45 solvent such as carbon tetrachloride under cooling to form 2^cMoro-5-t-butyl-m-xyIene. 45 
After which said chlorobenzene derivative is hydro lysed at elevated temperature and 
pressure with a 10—15% aqueous solution of an alkali hydroxide, for instance at 
320*C tinder a nitrogen pressure of 300 atm. to give 2,6-dimethyi phenol, the desired 
product. 

50 The second step comprises the reaction of 2 3 6-dialkyl-4-t-aikyl phenol with 1,3- 50 

dialkyl benzene. This reaction will now be illustrated, taking the reaction between 2,6- 
dimethyM-t-alkyl phenol and m-xylene as an example. 

A mixture of 2 > 6-dimetfayl-4-t-alkyl phenol, m-xylene, and the catalyst, is stirred 
at a temperature generally in the range of from — 20°C. to + 100°G, to effect the 

55 transfer reaction. The higher the reaction temperature, the less will be the yields of 55 
both 2,6-dimethyl phenol and 5-t-alkyl-m-xylene, due to the isomerisation reaction and 
other side reactions causing the formation of undesirable byproducts which tend to 
reduce the purity of the desired product to a considerable extent. 

Hence, the reaction temperature is preferably selected within the range of — 20° C. 

60 to +30°C, and more particularly in the range of — 5°C to +15°C This step may be 60 
carried out in the presence of a solvent which is not reactive with any one of the com- 
pounds to be used in the process of this invention, such as, for example, saturated ali- 
phatic hydrocarbons. 

However, the use of such a solvent is generally not necessary since the 13-dialkyl 

65 benzene, in mis case m-xylene itself serves as a solvent 65 
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Catalysts to be used for this reaction include a Friedel-Crafts catalyst such as 
anhydrous aluminium chloride, anhydrous aluminium bromide, boron tnfluonde, or 
hydrogen fluoride. A mixture of these compounds may also be used as the catalyst, 
ftactically, die use of hydrogen fluoride and aluminium chloride is the most preferable. 
5 The catalyst is added, in general, in the proportion of 02—6.0 moles per mole of the 
2,6-dialkyl-4-t-alkyl phenol, in this case 2,6-dimcthyl-4-t-aIkyl phenol. 

In order to separate the catalyst tram the reaction mixture obtained after the t- 
alkyl group transfer reaction has taken place, any conventional procedure may be used 
involving die decomposition of the catalyst by the addition of water, distilling off the 
10 catalyst* separation of die catalyst when phase separation is applied, extraction of 
catalyst, decomposition of die complex when a complex is farmed, and other appro- 
priate methods for the catalyst used For example, the separation of the catalyst by its 
decomposition with added water is conducted as follows. 

lie catalyst is decomposed by adding water, and then die water is separated out. 
After rinsing two or three times with water and then removing the water therefrom, 15 
the reaction mixture is distilled to remove m-xylene, then fractionated into 2^dimethyl 
phenol and 5-t-aftyl-m-xylene. The separatum of 2,6-dimethyl phenol and 5-t-alkyl-m- 
xylene is carried out either by distillation, or by the extraction of a fraction conmnsing 
the mixture of 2,6-dimethyl phenol and 5-t-alkyl-m-xykne obtained afteomple dis- 
tillation, with the use of aqueous alkali solution to separate out 2^6-dmietnyl phenol as 20 
its alkali salt, then acidifying the alkaline aqueous phase to crystallise out tte 2,6-di- 
methyl phenol which is thereafter recovered by filtration. The separation of the 2,6- 
dimethyl phenol from the 5-t-alkyt-m-xyiene is, in most cases, preferably earned out 
by factional distillation, but sometimes, depending upon the size of die t-aikyl group 
25 contained in the 2,6-dimethyl-4-t-alkyl phenol used as the material of the transfer 25 
reaction, the complete separation becomes difficult by simple distillation alone. In such 
a case, it is possible readily to obtain the 2,6-dimethyl phenol and 5-t^alkyl-m-xylene 
in high purity according to a procedure involving simple distillation to form a fraction 
mmprismg a mixture of 2,6-dimethyl phenol and 5-t-alkyi-m-xylene, extracting 2,6- 
30 dimethyl phenol therefrom as its alkali salt, and acidifying the alkaline to separate 30 
out the 2,6-dimethyl phenol which is thereafter recovered by filtration. In addition, the 
separation of 2,6-4inethyl phenol from the transfer reaction product may be effected 
by first adding an alkali to the reaction product from which the catalyst has or has not 
already been removed, to convert the 2,6-dimethyl phenol into its alkali salt, then 
removing m-xylene and 5^-aIkyl-m-xyiene by steam distillation, acidifying the remain- 35 
ing aqueous solution to separate out 2,6-dimethyl phenol in crystal form, and collecting 
the crystals by filtration. . 

The 2,6-dialkyl phenol thus obtained in accordance with die process of this inven- 
tion has extremely high purity, and substantially no impurity is detectable by gas 
chromatographic analysis, the substantial absence of any position isomers of the 2,6- 
position (for example, 2,4-dialkyl phenols, etc.) having been observed. 

Moreover, 1,3-tf alkyl-5-t-alkyl benzene obtained in this way has also excellent 
purity and in which no impurity is detectable by gas chromatographic analysis. Hence, 
die l,3-dialkyl-5-t-alkyl benzene can be directly circulated for re-use to the first step 

45 without any further purification. 45 

As has already been mentioned, the process of this invention has excellent advant- 
ages in that the 2,6-dialkyl phenol is obtainable in high purity at a very good yield, 
using l,3-dialkyl-5-t-alkyl benzene as the starting material, while avoiding the forma- 
tion of undesirable position isomers and enhancing the yields of the intermediate and 
50 final products by the introduction of a protective group, and in the elimination of said 50 
protective group, simultaneously carrying out the elimination of the protective group 
together with the introduction of the protective group into the 1,3-dialkyl benzene by 
simply inserting a highly efficient t-aikyl group transfer step, and also re-using the 
t-aikyl group as the protective group, by circulation to the first step of the reaction, 
55 thus providing an integrated process which is suitable for the industrial production of 55 
2,6-dialkyl phenoL " 

The process of this invention will be more fully described by reference to the 
following Examples in which the synthesis of 5-t-alkyl-m-xyIene is shown as reference 
examples Cpreluninary scot) and the production of 2,6-dialkyl phenol according to tins 
invention is given in the Examples. The invention is not, of course, to be limited by 60 
these Examples. 

Reference Example 1 (starting material) 
Into a four-necked one litre flask made of copper and fitted with a stirrer, there 
was charged 317 g. (3.0 moles) of m-xylene, which had been analysed by a gas chroma- 
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tographic method to have a purity of at least 98%, and cooled to 0°C by using an ice 
bath. Then 40 g. (2.0 moles) of liquid hydrogen fluoride were added as a catalyst, 
followed by mixing with agitation. To the resultant mixture was introduced 45 litres 
fN.T.P. 2.0 moles) of gaseous isobutylene with stirring for about three hours at such a 
5 ieed rate that the temperature of the contents of the flask were kept within the range 5 
ofO— 5°C f 

After the introduction of gaseous isobutylene had been completed, the contents 
were further stirred and allowed to react for an additional four hours while keeping 
the temperature at 0— 5°C 
10 After the completion of the reaction, the reaction mixture was poured on cracked 10 

ice, neutralised with an excess of potassium hydroxide, rinsed with water three times, 
and finally dried over calcium chloride. 

The rinsed and dried reaction mixture was distilled to separate a fraction boiling 
at 13<S — 141°C (m-xylene) and a fraction boiling at 202— 205°C (5-t-butyl-m- 
15 xylene) to obtain 2169 g, (1.67 moles) of 5-t-butyl-m-xylene. 15 
This fraction boiling at 202— 205 °G had a refractive index of n 0 2O = 1.4961 
(literature B.P. 205°C/760 mm Hg, m> 20 = 1.4961) and the infrared absorption spec- 
trum also showed complete agreement with that of 5-t-butyi-m~xylene. 
The yield of 5-t-butyl-m-xylene based on isobutylene was 85%. 

20 Reference Example 2 (starting material) 20 

Into a four-necked one litre flask fitted with a stirrer and dropping funnel, there 
was charged 510 g. (4.8 moles) of m-xylene having die same quality as used in the 
preceding Example, men 39 g. (024 mole) of anhydrous ferric chloride were added as 
the catalyst, and the whole was cooled to 0°G 111 g. (12 moles) of t-butyi chloride 

25 were gradually dropped into the flask, while keeping the temperature at 0°C, at such 25 
a rate as not to cause any effective ternperature rise in the contents of the flask. After 
the completion of this dropwise addition, the reaction product was combined with 
cooled water to decompose the catalyst The contents were then placed in a separating 
funnel to separate water therefrom, and treated with a 5% aqueous alkali solution, 

30 rinsed with water three times, and then dried over calcium chloride. The rinsed! and 30 
dried reaction mixture was distilled and fractionated in a manner similar to that 
employed in Reference Example 1 to give 158 g. (0.98 mole) of 5-t-butyl-m-xylene. 
Hd =1.4961. The yield of 5-t-butyl-m-xylene based on t-butyl chloride was 81%. 

Reference Example 3 (starting material) 
35 Into a four-necked one litre flask fitted with a stirrer and dropping funnel, 378 g. 35 

(3.56 moles) of m-xylene having the same quality as that used in Reference Example 
1 were charged. Then 400 g. (3 moles) of anhydrous aluminium chloride wore added 
• and the mixture cooled to 0°C Keeping the temperature of the contents at 0°C, a 
mixture of 111 g. (1.5 moles) of t-butanol and 100 g. (0.94 mole) of m-xylene was 
40 gradually dropped in at such a rate as not to cause any effective rise in temperature. 40 
After the addition was complete, stirring was continued for an additional three hours 
to complete the reaction while maintaining the temperature at 0 — 5°C. 

After the completion of the reaction, the reaction mixture was treated in a manner 
similar to that employed in Reference Example 2 and distilled to give 229 g. (1.41 
45 moles) of 5-t-butyl-m-xylene; n D *°= 1.4961. The yield of 5-t-butyi-m-xylene based 45 
on t-butanol was 94%. 

Reference Example 4 (starting material) 
A four-necked one litre flask fitted with a stirrer and dropping funnel was charged 
with 469 g. (3.5 moles) of m-diethyl benzene. 801 g. (3 moles) of anhydrous aluminium 

50 bromide were added as the catalyst and cooled to 0°C. While maintaining this tern- 50 
perature, a mixture of 132 g. (1.5 moles) of t-amyl alcohol and 134 g. (1.0 mole) of 
m-diethyl benzene was gradually added dropwise at such a rate as not to cause any 
effective rise in the temperature. After the dropwise addition had been completed, 
stirring was continued for an additional three hours while maintaining the temperature 

55 at 0 — 5°C to complete the reaction. After the reaction had been completed, the reac- 55 
tion mixture was treated as in Reference Example 2 to give 266 g. (1.3 moles) of 5-t- 
amyl-m-diethyl benzene. The yield of 5-t-arayl-m-diethyl benzene based on t-amyl 
alcohol was 87%. 

Example 1 

60 A four-necked 200 cc flask fitted with a stirrer was charged with 81 g. (0.5 mole) 60 

of 5-t-butyl-m-xylene obtained according to the method of Reference Example 3, and 



1,227,419 



^OCTg. of 98% su|nuric add were «ainto 4e ft* wdfc '* a f^^S^f 
mt If the extents began to rise gradually:^ ate the addition of the sulphmc aad 
srarted When' the temperature of the contents reached 30°C, it was cooled with water- 
SdS% SSdRSdS continuously added while amtroUing jte WPJJ»« 
between 30 and 35°G Ate the addition of die sulphuric aod bad been completed, 
Section ^ con^uTfor an additional hour while keeping the temperature of 
rii* flact mnrents at 30-435 °C until the reaction was completecL 
* Tk ^S5a poured little by litde mto 450 «.o water, with 
stirring, and dissolved therein. The resultant solution was stirred and 167 g. of salt 
(NaO) were added thereto litde by litde to crystabse out .^l*^?™™,. 
Son. After allowing to stand for a while under coohng, the crystals so formed were 
S- and camp-on-filtered, and rinsed twice with a small amo^ of saturated 
sodium cUoridT^lution. The white solid mass so obtained was grwmd and Awd * 
1 W"C to give 135 g. of white powder containing a small amount of somum cblonde. 
R^rvstallisation of the powder from absolute alcohol followed bythe removal of 
Sdhloride and & gave 130 g. of white powder. The mfra^ absorption 
soectrum measured on these crystals confirmed that this was sodium ^dimethyl-4-t- 
SbeWSonate and the yield of which based on 5-t-butyl-m-xylene was 98%. 

NorT^l g (5 moles) of potassium hydroxide and 30 cc of water woe put into 
a 400 c?mckel £&fafe and teated to an internal temperature of 3 WTC. Then jai g. 
(OJ mole) of the powder of the sodium 2,6^ethy^-butyl benzene sufehonatt 
were added litde bf litde to the contents of the cradble while stnymg ^tha copper 
roT After aB the powder had been added, stirring was furdier conamied with addi- 
tmnalhSini. lffE tanperatoxe reached 330%, foaming ^"^thdart 
S of the melt and the mixture become fluid and apparently ^^rj"^^ t 
wasfurther stirred for an additional ten minutes while maintaining the temperature at 
330-350°C to complete the reaction. Then the reaction m^.was crolcd and added 
to 400 cc of water to dissolve therein. Ate the mature had dissolved uniformly the 
solution was addified with sulphuric add, to crystallise out dark crystals which were 
then extracted with ether to separate the organic substances as an^er sotaoon from 
thTaqueous phase. The ether solution thus obtained was then freed from ether by 
distillation, and the residue was distilled under reduced pressure to give 74 g. of 
S3 bolg at 106-110-C at 4 mmHg, The hquid i^omM mmwhitt 
crystals onaanding. The crystal had a melting .point of 79.5— 80.5°C and showed no 
deSon orrndting point when mdted together wiA an authentic sample of 2,6-di- 
mS-4-t-butyl pk»T(m.p. 80-81°C). The analysis by mfraied absorption sptc- 
Sdso B&d the cryLls as 2,6-dimethyl-4-t-butyl phenol. The yield based on 
sodium 2,6-dimemyi-4-t^)Utyl benzene siuphonate was 83%. 

Next a four-necked one litre copper ft* fitted with a stirrei : was cftrged With 
382 e. (3.-6 moles) of m-xylene and cooled to 0°G by using an ice bath, then the flask 
was charted with 40 g. (2.0 moles) of liquid hydrogen fluoride as die catalyst and 
n^edbysumng. A solution of 214 g. (1.2 moles) of 2,«Hlimemyl-4-t-butyl phenol 
Sed it nrnTabove procedure in adntixture with 100 g. m-xylene was aaduaUy 
added dropwise with stirring while keeping the temperature of the contents at 0-5 it. 
After the addition was complete, the stirring was continued for an admuonal 4 hours 
keeping the same temperature to complete the reaction. Then the contents were poured 
onto racked ice, neutralised with sodium hydrogen irarbonate, nnsed three times with 
water, and dried over anhydrous sodium sulphate. The resulting reacUon mixture w» 
Sed to remove a fraction boiling at 136-141X. (m-xylene), andAe rmainmg 
portion distilled under reduced pressure to obtain a fraction bodmg at 78— 85 C/6 mm 
He which was then transferred into a separating ^ funnel and shaken with «W toe ot 
10% aqueous sodium hydroxide solution followed by standing to separate into aqueous 
and organic phases. The organic phase thus obtained was washed with water, dried 
over eddum chloride, and analysed and found to have a refractive index of a* - 
1.4961 which agreed with that of 5-t-butyl-m-xylene. The irifoued absorpnon ^Mam 
also agreed completely with that of 5-t-butyl-m-xylene. The yield of 5-t-bin^m-xylene 
was 187 g. (105 moles), which corresponded to 96% based on 2,<Wimethyl-4-t-butyl 

phCn The aqueous phase treated with 10% aqueous sodium hydroxide was neutralised 
with sulphuric add to separate out white crystals, which were filtered by aiction, nnsed 
with a small amount of water, and vacuum dried, to give 139 g. of white crystals 
having a melting point of 47-49 G C. (No depression of the melting point was observed 
Entixed wffli an authentic sample' of m.p.=49X.). The infrared labsorptior .spec- 
trum showed complete agreement with that of 2,6-dunethyl phenol. The yield of 2,6- 
dimethyl phenol based on 2,6-dimethyl-4-t-butyl phenol was 96%. 
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Example 2 

A four-necked 2(H) cc flask fitted with a stirrer was charged with 100 g. of 5% 
fuming sulphuric acid. 81 g. (0.5 mole) of 5-t-butyl-m-xylene obtained in the pro- 
cedure of Example 1 (t-butyi group transfer reaction between 2,6-dimethyl-4-t-butyi 
5 phenol and m-xylene), were then gradually added dropwise with stirring. The tern- 5 
perature of the contents gradually rose during the addition of 5-t-buryl-m-xylene. 
After the temperature of the contents had reached 30°G, it was cooled with water and 
the dropwise addition of 5-t-butyl-m-xylene was continued while maintaining the tem- 
perature at 30 — 35 °C. After the dropwise addition had been completed, the stirring was 
10 continued for a further hour, while maintaining the temperature of die contents at 10 
30— 35°C, to complete the reaction. The reaction mixture was then added little 
by little into 450 cc of saturated aqueous sodium chloride solution, with stirring, to 
form white crystals, which were then treated as in Example 1 to give 138 g. of 
a white powder containing a small amount of sodium chloride. Tim powder was 
IS recrystallised from absolute alcohol to free it from sodium chloride to give 130 g 15 
g.492 mole) of white_ powder (sodium 2,6-dimethyl-4-t-butyl benzene sulphonate^. 



_he yield of sodium 2,6-dimethyl-4-t-butyl benzene sulphonate based on 5-t-butyl- 
m-xylene was 98%. 

Next, a 400 cc nickel crucible was charged with 140 g. (2,5 moles) potassium 

20 hydroxide, 140 g. (3.5 moles) sodium hydroxide, and 350 cc of water, and heated. 20 
After the temperature of the contents reached 300° G, 131 g. (0.5 mole) of sodium 
2y6-dimethyl-4-t-butyl benzene sulphonate obtained in the above procedure were 
added little by little while stirring the contents with a copper rod. After all the 
powder was added, it was heated more strongly with agitation. When the tempcra- 

25 ture of the contents reached 330°C, foaming took place with darkening of the con- 25 
tents which became fluid and uniform. After this the temperature of die contents was 
maintained at 330 — 350°C. for an additional 10 minutes to complete the reaction. 
The reaction mixture was then treated as in Example 1 to give 67 g. (0.376 mole) 
of 2,6-dime%l~4-t-butyl phenol of ntp. of 77.5 — 80°C, which showed no melting 

30 point depression when compared with an authentic sample. The yield was 75%. 30 
A four-necked one litre flask, fitted with a stirrer, was charged with 382 g. (3.6 
moles) of m-xylene which had been analysed by gas chromatographic analysis and 
found to have a purity of more than 98%, and with 200 g. <1.5 moles) of anhydrous 
aluminium chloride as the catalyst, and cooled to control die temperature within the 

35 range 10— 15°C Then a mixed solution of 214 g. (1.2 moles) of the above 2,6- 35 
dimethyl-4-t-butyl phenol and 100 g. of m-xylene was added dropwise, while main- 
taining the temperature between 10— 15°C, and further stirred for an additional 
four hours to complete the reaction. After the reaction was over, the catalyst was 
decomposed by adding cold water thereto and the contents were transferred to a 

40 separating funnel to remove the water, rinsed three times with water, and then dried 40 
over sodium sulphate. The reaction mixture so obtained was treated in the same way 
as -that employed in Example 1 to give 185 g. (1.14 moles) of 5-t-butyl-m-xylene 
and 136 g. (1.12 moles) of 2,6-dimethyl phenol, the yields based on 2,6-dimethyl- 
4-t-butyi phenol being 95% and 93% respectively. 

m 45 Example 3 45 

A four-necked one litre flask fitted with a stirrer was charged with 450 g. (4.24 
moles) of 98% m-xylene and 200 g. (1.5 moles) of anhydrous aluminium chloride 
as the catalyst, and cooled so as to maintain the temperature of the contents at 
* 5— 10°G 220 g. (123 moles) of 2,6-dimethyl-4-t-butyl phenol was added gradually. 

50 After die 2,6-dimethyl-4-t-butyl phenol had been added, the contents were further 50 
stirred for an additional 4 hours while maintaining the temperature at 5 — 10°C. 
to complete the reaction. After the reaction was complete, the reaction mixture was 
combined with cold water to decompose the catalyst, and the contents were trans- 
ferred to a separating funnel to remove the aqueous phase therefrom. The remaining 

55 phase was rinsed three times with water and then dried over sodium sulphate. The 55 
reaction mixture thus obtained was distilled to separate a fraction boiling at 136 — 
141° C. (m-xylene) and the remaining portion was further distilled to separate a 
fraction boiling at 78 — 85°C/6 mm Hg. The last-mentioned fraction was then trans- 
ferred to a separating funnel and shaken with an added 600 cc of 10% aqueous 

60 sodium hydroxide solution, and allowed to stand to effect separation into aqueous and 60 
organic phases. The alkaline aqueous phase so obtained was neutralised with sulphuric 
acid to separate out white crystals which were filtered by suction, washed with a 
small amount of water, and vacuum dried to give 143 g. of white crystals. The melt- 
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ine point of these white crystals was 47-49°C. which showed no depression when 
2redwitl "authentic sample of 2,6-dimethyl phenol having amp, of 49 GThe 
Sd absorption spectrum 'showed complete agreement with that of 2£dim«hy 
X^TThe field oH,6-dimethyl phenol based on 2,6-dimemyl-4-t-butyl phenol 
W95% Tte oig^c phase after (reatment with 10%. aqueous sodium nydrox.de 
Xion^was^Kthwater, dried over cdcium cM^de,jand anal^ and fo^od 
to™ a refractive index of n M D =1.4961 which was conastant with the refractwe 
£dS of 5ibujl-m-xylene. The infrared absorption spectrum was m complete 
a^mmc with 4at of 5-^-butyl-m-xylene. The yield 

obtekedwas 185 J g. corresponding to 93% based on 2y6-dimethyl-4-t-butyl phenol. 
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A copper one litre flask fitted with a stirrer was charged with 3GO g. (total 2.82 
moks) of inordinary mixed xylene having a composmon of 1.2% toluene, 25.2% 
Senzene, 42.8% m-xylene, 10.6% p-xylene, and 20.2% o-zytae. After coohng 
15 ti7amW to 0°C1, they were mixed with 40 g. (2.0 moles) of hqmdhydrogen 15 
15 fl^ride as catalyst, while 'shaking. A mixture of 200 g. (1.12moles) of 2J«iyi- 
4-tVtyl phenol and 300 g. of mixed xylene was stowly added dropwi^ with storing, 
while keeping the temperature of the contents within *e range MCAtette 
drop^ddltion was over, the contents were farter stored for an tfditional four 
20 hovuV while mamtaining the temperature at 0-5 °C. to complete the reaction. 20 
20 hoursroue ™B faad the contend were poured on to cracked 

ice, neutralised with sodium hydrogen carbonate, and dried over anhydrous sodium 

^The reaction mixture obtained in this way was treated in a manner smnter to 
25 the method of Example 1, to give 131 g. of 2,^dimetfayl phenol the yield of which, 25 
based on 2,6-dimethyM-t-butyl phenol, was 96%. 

Example 5 

5-t^ytm-diethlybenzene obtained according to the P™**** of JMfcrenre 
Example 4 (t-amylation of m-diethylbenzene with t-amyl atotol)^ sulfonated 
30 asi Example 1 to give sodium 2^emyl-4-t-amyl ben«ne sulphonate. The yield 30 
of this product based on 5-t-amyl-m-diemylbenzene was 96%. . 

Nert, a 400 cc nickel crucible was charged with 281 g. (5 moles) of^ttsnum 
hydroxide and 30 cc water and heated to an eternal temperature of 300 C At tore 
time, 62 g.(02 mole) of the powdered sodium 2^d^yl^t-am^ b^e sutoh^ 
35 obtained in the above procedure was added fittte by htde and reacted and seated 35 
as in Example 1 to give 34.8 g. of crystals of 2,6^ethyl-4-Mmyl phenol, die yield 
of which based on sodium 2,6-diethyi-4-t-amyl benzene sulphonate wasJ9%. 

Into a four-necked one litre flask fitted with a stirrer, were d^ fr 
(4.25 moles) of m-diethylbenzene and 267 g. (1.0 mole) of anhydrinis ahimmium 
40 bromide as the catalyst While mamtaining the temperature of the contend at 5 - 40 
10°C, 264 g. (1-2 moles) of 2,6-diethyl-t-amyl phenol obtamed previously was slowly 

added with stirring. . . „„__,„ , tn 

Thereafter, die reaction and treatment were earned out as in Example 5 to 
temTtiMttSS of 2^-diethyl phenol and 233 g. of 5-t-amyl-m-dtethyl 
45 ≠ ti^ were .obtained in yields of 95% and 95% based on 2,6-diethyl-4-t- 45. 
amyl phenol, respectively. 

Example 6 , 
A 500 cc four-necked flask fitted with a stirrer, was charged with 162 g. (1 molej , 
of 5-t-butyI-m-xylene obtained by the procedure of K&itt lixa^l, M & 
(0 05 mole) of iodine as catalyst and 300 cc of carbon tetrachloride as solvent While 50 
maintaining the temperature of die contents at 5°C gaseous chlorine in an approxi- 
mately equimolar amount was introduced with storing. After allowing the omtents 
to stand for an additional two hours at 5— 10°C. to complete the reacflon, they 
££%£d" separate a fraction boiling 105-107°C/5-10 mm Hg which 
was then cooled to form 127 g. (0.65 mole) of needle crystals The crystals : so obtained 
XS " dSforine content of 17.83% and were identified to , be. ^^^-t-bu^-m- 
xylene by infrared absorption spectrum analysis. The yield based on the 5-t-butyl-m- 

xylene^was 65 ^ ^ of the 2 -chloro-5-t-butyl-m-xylene and 200 cc of 15% 
60 aqueous sodium hydroxide solution were introduced into a one litre rocking ; auto- 
cfcve, ana .ended at 320"C. under a nitrogen pressure of 300 atm. for 8 hours with 
shaking After this the reaction mass was acidified with sulphuric acid to separate 
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out white crystals which were then filtered by suction and vacuum dried to give 
73.0 g. (0.41 mole) of white crystals having a melting point of 79.5^80.5°C. The 
infrared absorption spectrum completely agreed with that of 2,6-dimethyl-4-t-butyl 
phenoL The yield of 2,6-dimethyl-4-t-butyl phenol based on 2-chtoro-5-t-butyl-m- 

5 xylene was 82%. 5 
191 g. (1.8 moles) of m-xylene was added to a four-necked 500 cc flask made 
of fluorine-containing resin and fitted with a stirrer, and cooled to 0°C by using an 
ice bath. 50 g. (2.5 moles) of liquid hydrogen fluoride and 33.9 g. (05 mole) of 
boron trifluoride, as catalyst, were added and thoroughly mixed. Then, a mixture 

10 of 89 g. (0.5 mole) of 2,6-dim£thyL4-t-butyl phenol obtained in the above procedure 10 
and 53 g. (0 J mole) of m-xylene were added dropwise, with stirring, while maintain- 
ing die temperature of the contents at 0°C and the reaction was completed by 
continuously stirring the resultant mixture for an additional 4 hours after the addi- 
tion had been completed. 

15 Thereafter, the treatment was carried out as in Example 1 to give 77.8 g. (0.48 15 

mole) of 5~t-butyl-m-xylene and 58.5 g. (0.48 mole) of 2,6-dimethyl-phenol, the 
yields of which were both 96% based on 2 > 6-dimethyi-4~t-butyl phenoL 

WHAT WE CLAIM IS:— 

1. A process for the production of a 2,6-dialkyl phenol which comprises re- 
20 acting a 2,6-dialkyl-4-t-alkyl phenol having the formula 20 




with an aromatic hydrocarbon having the formula 




in the presence of a Friedei-Grafts catalyst at a temperature from —20 to 100 9 C 
25 to transfer the t-alkyl group to said aromatic hydrocarbon, wherein R t denotes a 25 
Cd- y t-alkyl group, R 2 and R s each denotes a normal alkyl group, and R 4 and 
R 3 each denotes either hydrogen or a C M normal alkyl group located mutually in o- 
or m-position when neither K< nor R a is hydrogen. 

2. A process as claimed in Claim 1, in whidi said 2,6-dialkyM-t-alkyl phenol 

30 is 2,6-dimethyl-4-t-butyl phenoL 30 

3. A process as claimed in Claim 1 or Claim 2, in which said aromatic hydro- 
carbon is m-xylene. 

4. A process as claimed in Claim 1 or Claim 2, in which the aromatic hydro- 
carbon is a mixed xylene comprising substantially m-xylene, o-xylene, p-xylene, and 

35 ethylbenzene. 35 

5. A process as claimed in any of the preceding Claims, in which the Friedei- 
Crafts catalyst is boron trifluoride, anhydrous aluminium chloride, anhydrous 
aluminium bromide, hydrogen fluoride, or a mixture thereof. 

6. A process as claimed in any of die preceding Claims, in which the amount 

40 of the Friedel-Crafts catalyst to be used per mole of said 2,6-dialkyl-4-t-alkyl phenol 40 
is 0.2 to 6.0 moles. 

7. A process as claimed in any of die preceding Claims, in which the amount 
of said aromatic hydrocarbon to be used per mole of said 2,6-dtalkyi-4-t-alkyl phenol 
is 1 to 10 moles. 

45 8. A process as claimed in Claim 7, in which the reaction temperature is with- 45 

in the range of from — 20°C to +30°C. 
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9. A process as claimed in Claim 8, in which the reaction temperature is within 

^ y A tS fo/S JUS* a 2,<Hlialkyl phenol which comprises a first 
in" which a 2,6-dialkyl-4-t-alkyl phenol having the formula 



step 




<1 

is prepared from a l,3-dialkyl-5-t-aIkyl benzene having the formula 




a second step in which the ^o^dialkyM-t-alkyl phenol is reacted with a 1,3-dialkyl 
benzene having the formula 




R 3 



20 A wocess as claimed in Claim 10, in which in the first step said 13-dial^l- 
5-t-aSl be^is ciaorinated to form 2,6-dialkyM-wlkyl chlorobenzene Mowed 
by hydrolysis to the 2,6-diaUfcyl-4-t-alkyl phenol. 



10 



in the mesence of a Friedel-Crafts catalyst at a temperature from -20 to 100*C 
to &T2>diSkyl phSl and a l,3^1cyl-5-t-alkyl ben^e, aad ^cuUang^e 
^Scvl-5-t-alkvl baizene obtained in the second step to the first step for reuse, 
wheSJl deS a^t-alkyl group, and R, and R, each denotes a d- 4 normal ^ 

15 ^ f"f as daimed m Claim 10, in which in the first step 

5-t-a%l beffis^phZtod to form 2,6^1-4-t-aIkyl sulphonic add followed 

fllteli fusion to obtain said 2.6-dialkyl4-t-alk7l phenol. 
* B aS5i Tdahned in Qaim 11, in which the sulphonating agent is 

on concentrated sulphuric acid, fuming sulphuric acid, or a nurture thereot. 

20 conce™a ^ fa aaim n „ ^ ,n which . the amount of 

the sulpho^Bgagent to be used is 0.5 to 3.0 moles per mole of said l,3-dialkyI-5- 
t-alkyl^b™^ ^ daimed m(myofC himsll to 13, in which the temperature 

,c nf the sulphonation is within me range of 20 to 90 *>, 
25 15 Aprocess as claimed in any of Claims 11 to 14, in which the 2,6-diaUcyl- 

4-t-a£l1uEonic acid is subjected to alkali fusionwith potassium hydroxide or 
with a mixture of sodium hydroxide and potassium hydroxide. 

WAS ^claimed in any of the Claims 11 to 15 m which the amount 
30 of alkali hyS £ be used in the Ilkali fusion of the ^%W-t-aIkyl sulphomc 30 
addk 5-25 moles per mole of the 2,6wlialkyl^-t-aUcyl 

17 A. process as claimed in any of the Claims 11 to 16, m which the alkali fusion 
of the 2,6^ialkyl-4-t-alkyl sulphonic acid is carried out at a temperature of 310 

35 t0 4 ?8 °A process as claimed m Claim 17, in which the alkali fusion of die . 2,6- 35 
dialkyl-4-t-iukyl sulphonic acid is carried out at a temperature of 330 jo _ 350 C. 

19. A process as claimed in any one of Claims h to 18,in *bt&tej&zh 
fusion of the 2,6-dialkyl-4-t-alkyl sulphomc aad is earned out m an atmosphere of 



15 



1,227,410 



IS 



21. A process as claimed in Claim 20, in which said l,3-dialkyl-5-t-alkyl benzene 

* 22 procfes aslaa^m^Oaim 2^<FWffi*2% In which said M-dialkyl- 
Srt-alkyl benzene is chlorinated using O.Ql to 1 mole of a nuclear chlorinating catalyst 
5 per mole of the l,3-dialkylr5-t-alkyi benzene. 5 

23. A process as claimed in any of Claims 20 to 22, in which said 13-dialkyl- 
5-t-alkyl benzene is chlorinated in the presence of iodine. 

24. A process as claimed in any of the Claims 20 to 23, in which the 2,6- 
dialkyl-4-t-alkyl chlorobenzene is hydrolyzed with an aqueous solution of an alkali 

10 hydroxide to obtain said 2,6-alalkyj^t-alkyl phenol. 10 

25. A process as claimed in Claim 24, in which the 2 > 6-diaikyi~4-t-alkyl chloro- 
benzene is hydrolyzed with 10 to 15 wt.% of aqueous alkali hydroxide solution. 

26. A process as claimed in any of the Claims 10 to 25, in which said 1,3- 
dialkyl-5-t-alkyl benzene is 5rt-butyl-m-xylene, and said 2,6-d ialkyl-4-t-aIkyl phenol 

15 is 2,6-dimethyl-4-t-butyl phenol, and said 1,3-dialkyi benzene is m-xylene. 15 

27. A process as claimed in Claim 26, in which the reaction temperature of 
said second step is within the range of — 20°C to +30 P C 

28. A process as claimed in Claim 27, in which the reaction temperature of 
said second step is within the range of from — 5°C to +15°G, 

20 29. A process as claimed in any of the Claims 10 to 28, in which the Friedel- 20 

Crafts catalyst used in the second step comprises boron trifluoride, anhydrous 
aluminium chloride, anhydrous aluminium bromide, hydrogen fluoride, or a mixture 
thereof. 

30. A process as daimed in any of Claims 10 to 29, in which the amount of 

25 the Friedel^Crafts catalyst used is 0.2 to 6.0 moles per mole of said 2,6^dialkyi-4-t- 25 
alkyi phenol. 

31. A process as claimed in any of the Claims 10 to 30, in which the amount 
of the 1,3-malkylbenzene used is 1 to 10 moles per mole of said 2,6-dialkyi-4-t- 
alkyl phenol. 

30 32. A process as claimed in any of the preceding Claims, in which Ri is a 30 

t-butyl group. 

33. A process for die production of a 2,6-dialkyl phenol according to any of 
the preceding claims, substantially as hereinbefore described with reference to the 
Examples of the invention. 
35 34. A 2^-dialkyl phenol wherever prepared by a process as claimed in any of 35 

the preceding Claims. 

35. A l 3 3-dialkyi-5-t-alkyl benzene wherever prepared by a process as claimed 
in any of the Claims 10 to 32. 
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